Introduction
============

Arachnoid cysts are benign abnormalities that usually exist in the intracranial regions, and rarely in the intradiploic region. The term 'intradiploic arachnoid cyst' was coined by Weinand et al. in 1989,^[@B1]^ and has been used in various reports.^[@B2],[@B3]^ Various other names have been used to describe intradiploic cystic lesions in the literature, including intraosseous arachnoid cysts, intraosseous leptomeningeal cyst, traumatic/posttraumatic arachnoid cyst and intradiploic pseudomeningocele. ^[@B4]--[@B6]^ The definitions for these terms are overlapping and confused, with the exception of obvious pathological diagnoses including epidermoid cyst, dermoid cyst and meningoencephalocele.^[@B7]^ Intradiploic cerebrospinal fluid (CSF) fistula is another cystic lesion, but usually contains a communication with the CSF space with no arachnoid membrane in the diploic space. ^[@B8],[@B9]^ In the present case report, we use 'intradiploic arachnoid cyst' to mean an intradiploic (usually obstructive) cystic lesion covered with pathologically diagnosed 'arachnoid membrane'. Over 40 cases of intradiploic arachnoid cyst and similar cases have been reported to date.^[@B1]--[@B6],[@B10]--[@B12]^

We report herein a rare case involving an intradiploic arachnoid cyst with meningothelial hyperplasia. We also discuss the pathological findings in this case and mechanisms of enlargement of the arachnoid cyst.

Case Presentation
=================

A 40-year-old man with no previous medical history presented with a 3-year history of gradually exacerbating headache and a hard bulge in the right parietal region. The headache comprised focal pain above the bulge, with a visual analogue scale of 3 out of 10. The bulge was approximately 4 cm in diameter. He denied any history of head trauma, excluding playing rugby in his high school days. Apart from the bulge, no other positive findings were found in physical and neurological examinations. Laboratory examinations likewise revealed no abnormalities. Computed tomography (CT) of the head showed a low-density area at the parietal intradiploic lesion where the inner and the outer tables were extremely thin with defective parts ([Fig. 1A](#F1){ref-type="fig"} ). Magnetic resonance imaging (MRI) showed the contents of the lesion as hypointense on T~1~-weighted imaging (T~1~WI), hyperintense on T~2~-weighted imaging (T~2~WI) similar to the CSF, and hypo- to isointense on diffusion-weighted imaging (DWI) ([Fig. 1B--D](#F1){ref-type="fig"}). No enhancement with gadolinium (Gd) was evident. No CSF flow was observable in intradiploic fluid on time-SLIP examinations using MRI.^[@B13]^

Surgery was performed to prevent cranial fracture. After the skin incision, the thinning outer table of the parietal skull bone with defective parts was revealed ([Fig. 2A--F](#F2){ref-type="fig"}). After removing the outer table, the inner table was revealed accompanied by a bone defect 6 mm in diameter and an arachnoid granule-like protrusion. We extended the hole to reveal the dural layer and found the protrusion arising from under the dura mater through a hole. After eliminating the main part of the protrusion, no CSF leakage was seen with the Valsalva maneuver. The defect in the dura mater was closed with periosteum in a water-tight manner and the bone defect was filled with hydroxyapatite. The headache and bulge of the patient were resolved postoperatively. Neither side effects nor relapse have been reported at two month follow up.

Examination of the liquid contents of the cyst showed a high concentration of protein (338 mg/dl) compared to normal control data (10--40 mg/dl) for CSF, while other results were slightly apart from control data (sugar, 84 mg/dl (normal, 50--75 mg/dl); Cl, 118 mEq/l (normal, 120--125 mEq/l); cell count, 62 in 3 fields; mononuclear/polynuclear cell ratio, 44/18).

Histopathological examination revealed that the cyst wall comprised meningothelial cells in a single layer leading to the diagnosis of arachnoid cyst ([Fig. 2G--K](#F2){ref-type="fig"}). The protrusion consisted of a thick layer of meningothelial cells with highly dense nuclei. Immunohistochemical examination revealed the protrusion was positive for epithelial membrane antigen (EMA) and progesterone receptor (PR), but negative for glial fibrillary acidic protein. Ki67 labeling index was less than 1%. These features led to a diagnosis of meningothelial hyperplasia.

Discussion
==========

The causes of intradiploic cystic formation including arachnoid cyst are considered to be posttraumatic or non-traumatic including congenital.^[@B1]--[@B6],[@B10]--[@B12]^ Posttraumatic causes can be not only traumatic, but also iatrogenic due to cranial surgery.^[@B9]^ Non-traumatic intradiploic arachnoid cyst is characterized by multiple, parasagittal (commonly in the occipital region), well-demarcated osteolytic lesion, while the etiology remains unclear.^[@B12]^ In our case, the patient's experience as a rugby player could have been involved in traumatic etiology, as in previously reported cases,^[@B8]^ but the possibility of non-traumatic etiology cannot be denied. Due to such causes a defect is developed (or initially exists) in the inner table of the skull bone and the dura mater. With the pulsation of the CSF and the pressure gradient between the inner and outer tables, the arachnoid membrane herniates from the defect into the intradiploic area and gradually enlarges, leading to cyst formation. The continual pressure from the cyst wall on the outer table may cause thinning of the bone and erosion. The fragile outer table gradually enlarges, which would be recognized as a bulge.^[@B2],[@B11]^ Furthermore, our case showed the possibility of a specific one-way valve mechanism in enlargement of the cyst ([Fig. 3](#F3){ref-type="fig"}). Simultaneous with the formation of the intradiploic cyst, meningothelial hyperplasia also formed at the entrance of the arachnoid cyst, probably resulting from physical stimulation to regular arachnoid membrane or small arachnoid granulation. The hyperplasia gradually narrowed the entrance of the enlarged arachnoid cyst, allowing CSF into the cyst while preventing the outward flow through a one-way valve-like mechanism, before finally obstructing the entrance. The worsening headache reported by the patient could have been a sign of increasing pressure within the cyst, supporting the one-way valve theory. Furthermore, the fluid contents of the cyst resembled CSF, with the exception of the high concentration of protein. These findings could suggest that the cyst was a closed space.

Histopathological results in the present case revealed an interesting finding of meningothelial hyperplasia. The cause of meningothelial hyperplasia is thought to be reactive processes such as inflammation, formation of granulation tissue and fibrosis.^[@B14]^ In that study, meningothelial hyperplasia was defined as a "reactive process characterized by a proliferation of arachnoidal cap cells that is often non-invasive, multicentric, and at least focally reaches a thickness of 10 or more cell layers".^[@B14]^ Meningothelial hyperplasia shows some overlap of histopathological features with meningioma and normal arachnoid tissue including arachnoid granulation. Arachnoid granulation is typically consisted of small nodule formed from arachnoid cells that have a tiny or flat nucleus. The protrusion in our case consisted of multilayered arachnoid cells with nucleus showing very fine and dense chromatin. These findings represent that the cells possess higher proliferative ability than regular arachnoid cells/granulation. Distinguishing between meningothelial hyperplasia and small meningioma clinically is particularly difficult since both can show arrangements of whorls and/or psammoma bodies, while only small meningioma shows dural invasion. The protrusion in the present case was compatible with the above criteria for meningothelial hyperplasia. In addition, the lack of dural invasion and very low Ki-67 labeling index of the cells supported the diagnosis of meningothelial hyperplasia, although the original source of these cells could be regular arachnoid membrane or small arachnoid granulation.

We should preoperatively differentiate an arachnoid cyst from osteolytic lesions including epidermoid cyst and meningocele. DWI is a useful modality to differentiate an arachnoid cyst from epidermoid cyst, since the former shows signal hypointensity, whereas the latter shows signal hyperintensity.^[@B15]^ Both arachnoid cyst and meningocele show signal hypointensity on T~1~WI, signal hyperintensity on T~2~WI, and signal hypointensity on DWI. In our case, the time- spatial labeling inversion pulse (SLIP) sequence on MRI^[@B13]^ to observe CSF flow and identify the communication between the cyst and arachnoid space matched the operative findings. However, it is uncertain whether this sequence is truly available for detecting very small fistula in diploic lesion. Further studies of such lesions are needed to clarify this issue.

In conclusion, we have reported a rare case of an intradiploic arachnoid cyst containing meningothelial hyperplasia that might have acted as a one-way valve.
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![(A) CT showing extension of the intradiploic lesion into the right parietal bone. The outer and inner tables are thin with partial bone defects. (B) Axial MRI. Left, axial T~1~-weighted imaging; middle, axial T~2~-weighted imaging; right, diffusion-weighted imaging. (C) Coronal thin-slice drive-T~2~-weighted imaging. (D) Time- spatial labeling inversion pulse examination.](nmccrj-4-019-g001){#F1}

![Intraoperative photographs. (A) The outer table is thin with partial defects. (B) The inner table and arachnoid granule-like protrusion. (C--F) Photographs after eliminating the inner table around the protrusion (C), after removing the protrusion (D), after duraplasty with periosteum (E), and after cranioplasty with hydroxyapatite (F). Photomicrograph of surgical specimens. (G) The arachnoid tissue undercoats the skull in the outer table with cyst wall, (hematoxylin and eosin (HE) stain, ×100). (H) In the protrusion, meningothelial cells formed more than 10 layers and the nuclei are highly dense, but cells show no abnormal structures HE stain, ×200). (I--K) Immunohistochemistry of the protruding specimen (upper, EMA stain; middle, Ki-67 stain; lower, PR stain, ×200).](nmccrj-4-019-g002){#F2}

![Hypothesis for formation of the intradiploic arachnoid cyst in the present case. Layers comprise the outer table (black), inner table (black), dura mater (gray), arachnoid (blue), and brain (brown). (A) The inner table and dura mater develop a defect through trauma or non-traumatic cause. (B) The arachnoid herniates into the intradiploic area. Part of the arachnoid membrane starts to proliferate (meningothelial hyperplasia) due to reactive processes. (C) Arachnoid membrane enlarges due to pulsation of the CSF and exerts outward pressure on the outer table, resulting in enlargement. (D) The meningothelial hyperplasia narrows the entrance to the cyst. (E) The hyperplastic lesion works as a one-way valve and finally occludes the entrance.](nmccrj-4-019-g003){#F3}
